To reduce imaging costs, we designed a head holder for scanning two rats simultaneously in small animal PET scanners. Our goals were (i) to maintain high sensitivity and (ii) to minimize repositioning error between scans. Methods: A semi-stereotaxic dual rat head holder was designed and constructed for dual rat scanning in our IndyPET-II scanner and the commercial microPET P4. It was also used for single rat scanning in a small-bore, high-resolution animal scanner ("ISAP"). Positional repeatability was validated via multiple [ 11 C]Raclopride scans of a single rat on different days. Accuracy of repositioning was determined by visual comparison of images, and by metrics derived through image alignment.
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simultaneously in a gantry, the brains have to be positioned away 66 from the center of the field of view (CFOV), where performance of 67 the scanner is optimal. As the subjects are moved away from CFOV,
68
we can expect some loss of resolution and sensitivity. Loss of resolu-69 tion could make it more difficult to identify small brain structures.
70
Loss of sensitivity could lead to unwanted mass effects if additional 71 injected activity were needed to achieve sufficient signal to noise 72 ratio. Therefore, scanning two rats simultaneously could impact the 73 quality of our images, and subsequently degrade the accuracy of the 74 estimated kinetic parameters. We validated the dual rat head holder 
81
Half of the rat holder can be used by itself to hold one rat ("single 82 rat mode"). Repeatability of positioning a single rat was tested using 83 the holder in single rat mode in a small-bore small animal scanner. 
Materials and methods

85
Holder design and fabrication
86
To assure repeatable positioning, the dual rat head holder was 87 designed based on the concept of positioning a rat's head via semi-88 stereotaxic methods. That is, we chose to immobilize each rat using The holder was designed to hold either two rats (150-450 g) 99 simultaneously, or a single rat in a scanner with a very small FOV.
100
For dual rat scanning, our holder fits in small animal scanners 101 with a minimum bore diameter of 220 mm. This includes both the IndyPET-II (Rouze and Hutchins, 2003) , an in-house scanner, and 103 the microPET P4 (Tai et al., 2001) , a scanner that is available com-104 mercially (Siemens, Knoxville, TN). In single rat mode, only half the 105 holder is used so that it can fit inside a smaller bore machine, such 106 as the Indiana Small Animal PET (ISAP) (Rouze et al., 2004 (Rouze et al., , 2005 ).
107 Fig. 1 . Disassembled ear-bars. The tapered piece is used for positioning and locking the rat head in place. The threaded handle provides leverage during ear bar insertion, but is taken off before placement of the holders in the scanner to minimize distance between rats.
In the interest of maximizing image quality, the holder was 108 designed to position two rat brains as near as possible to, and 109 equidistant from, the CFOV. In order to do this, we used ear-bars 110 that were made up of two parts: a tapered piece that locks the rat 111 head in place and is then clamped to the holder, and a detachable 112 handle that is initially needed to provide leverage during insertion, 113 but which is otherwise not needed during the actual scan (Fig. 1 ).
114
The detachable handle is removed before the holder is positioned 115 in the scanner, so that the minimum distance between rat brains 116 can be achieved.
117
On IndyPET-II, an aluminum optical rail and carrier with nine holder. On the microPET P4, a built-in animal bed was available.
127
The holder was attached onto the microPET bed via two platform 128 adaptors using bolts and nuts. On ISAP, the attachment mechanism 129 was identical to that in IndyPET-II and microPET P4, except for the 130 positioning of threaded holes in the adaptor platform. These were 131 customized to hold half of the holder in parallel to the scanner 132 axis.
133
Anesthesia was supplied to the rats through threaded holes in which were small and difficult to machine to specification. Ear-150 bars were instead machined from polytetrafluoroethylene (PTFE) 151 which produces a smoother finish, and is more easily machined,
152
although it is denser than acrylic. IndyPET-II and (b) microPET P4. the major axis of the scanner (Fig. 2b) .
to that from the first scan, using the rigid body least square 208 alignment via the "Realign" function (Friston et al., 1995) Ki from the single and dual scans in both IndyPET-II and microPET
281
P4 were extracted, calculated and compared. 
Results
283
Holder design and fabrication
284
The dual rat head holder was used in both IndyPET-II and 285 microPET P4. In IndyPET-II, the holders were oriented obliquely to 
293
In microPET P4, because of the slightly smaller bore, the hold- (Fig. 2b) was 36.4 mm.
299
The dual rat head holder can be disassembled into single paddles is shown in use in each mode in Fig. 3 .
307
An attenuation map of the holder obtained from the transmis-308 sion scan of a dual rat scan in microPET P4 is shown in Fig. 4 . Visually, attenuation by acrylic plastic appears to be similar to 310 that of tissue (Fig. 4c) . The ear bars, anesthesia tubing and tube 
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Kinetics of FDG uptake during single and dual rat scans
378
For FDG studies, examples of TACs and Patlak plots from single 379 and dual scans are shown in Fig. 9 . In the single rat mode, the rats 380 scanned were in the optimal position at the CFOV. In the dual rat 381 mode, the rats were positioned away from the CFOV.
382
The percentage differences in Ki between single and dual rat 383 scans are shown in Table 3 Table 3 Percent difference in Ki due to single versus dual mode for each rat
Non-shaded values in the right most column reflect average effects of scan mode. Shaded results show additional comparisons of dual versus single in microPET P4 without one or more corrections but are not included in the global average because they are from the same rats in rows 1 and 2.
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418
Once ear bar placement is completed, the bite bar is re-attached to 419 the palette (i.e., the base of the holder). We found that this setup volume error (Kessler et al., 1984) . could be interesting and worthwhile.
463
We used a single canonical input function to calculate Ki for all 464 rats, operating under the assumption that blood flow and injection
465
rates did not differ appreciably between rats. This was not ideal.
466
In addition, in IndyPET-II, the injections were controlled by a pro-467 grammable pump, but in microPET P4, the injections were done 468 manually. This may have introduced variability into our results.
469
Work by other groups suggests that the rat heart could be used to 470 acquire an input function (Fang and Muzic, 2007) , provided that it 471 is captured in the images. One way to overcome the disadvantages 472 of using a canonical input function would be to make use of such 473 methods. However, we would need to rethink our holder position-
474
ing to guarantee that the heart would always be in the FOV, which
475
is not the case presently.
476
A fourth pair of animals was examined in single and dual mode 477 on the microPET, but the data from this experiment were not 478 included in our analysis. The kinetics of uptake of FDG in the brains 479 of both rats in dual mode were atypical. The curves (not shown)
480
continued to rise at 60 min, unlike all other FDG TACs obtained.
481
We completed additional scans with those animals, and concluded 
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